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Description of Cooperation: 
Only four teams in the world currently have fecal NIRS methodologies to elucidate goat diets in rangelands, 

and Israel and Texas share similar problems of brush encroachment.  Therefore, our studies were intricately 

associated. Apart from intense e-mail exchanges, Dr Landau visited at TAES in February 2007 and Dr 

Walker visited at ARO in July 2007. Dr Walker was actively involved in tutoring the Israeli Ph.D. student 

Tzach Glasser by hosting him (on a 3-month Baron de Hirsch-funded visit) at San Angelo and facilitating his 

stay at Texas A&M University (College Station). Methods developed at ARO (fecal NIRS calibrated with the 

bite-count method) are being adopted at TAES and methods developed at TAES (such as the statistical 

analyses applied to NIRS calibration scores) are now routine at ARO. Apart from nine refereed papers 

already published or submitted to be published jointly, our cooperation triggered a Fecal NIRS session at the 

annual conference of the Society for Range Management in Reno, NV, February 2007, chaired by Dr. Walker. 

The best evidence of the fruitful collaboration between the two teams is the continuation program submitted 

to BARD in September 07. 
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Abstract 

Background. Brush encroachment constitutes a serious problem in both Texas and Israel. We 

addressed the issue of efficacy of livestock herbivory - in the form of goat browsing - to change the 

ecological balance to the detriment of the shrub vegetation. Shrub consumption by goats is kept low 

by plant chemical defenses such as tannins and terpenes. Scientists at TAES and ARO have 

developed an innovative, cost-effective methodology using fecal Near Infrared Spectrometry to 

elucidate the dietary percentage of targeted, browse species (terpene-rich redberry and blueberry 

juniper in the US, and tannin-rich Pistacia lentiscus in Israel) for a large number of animals. 

The original research objectives of this project were: 1. to clarify the relative preference of goat 

breeds and the individual variation of goats within breeds, when consuming targeted brush species; 2. 

to assess the heritability of browse intake and validate the concept of breeding goat lines that exhibit 

high preference for chemically defended brush, using juniper as a model; 3. to clarify the relative 

contributions of genetics and learning on the preference for target species; 4. to identify mechanisms 

that are associated with greater intake of brush from the two target species; 5. to establish when the 

target species are the most vulnerable to grazing. (Issue no.5 was addressed only partly.) 

Major conclusions, solutions, achievements:  Both the Israel and US scientists put significant 

efforts into improving and validating the technique of Fecal NIRS for predicting the botanical 

composition of goat diets. Israeli scientists validated the use of observational data for calibrating fecal 

NIRS, while US scientists established that calibrations could be used across animals differing in 

breed and age but that caution should be used in making comparisons between different sexes. 

These findings are important because the ability to select goat breeds or individuals within a breed 

for maximal efficiency of brush control is dependent upon accurate measurement of the botanical 

composition of the diet. In Israel it was found that Damascus goats consume diets more than twice 

richer in P. lentiscus than Mamber or Boer goats. In the US no differences were found between 

Angora and Boer cross goats but significant differences were found between individuals within 

breeds in juniper dietary percentage. In both countries, intervention strategies were found that further 

increased the consumption of the chemically defended plant. In Israel feeding polyethylene glycol 

(PEG, MW 4,000) that forms high-affinity complexes with tannins increased P. lentiscus dietary 

percentage an average of 7 percentage units. In the US feeding a protein supplement, which 

enhances rates of P450-catalyzed oxidations and therefore the rate of oxidation of monoterpenes, 

increased juniper consumption 5 percentage units. However, the effects of these interventions were 

not as large as breed or individual animal effects. Also, in a wide array of competitive tannin-binding 

assays in Israel with trypsin, salivary proteins did not bind more tannic acid or quebracho tannin than 

non-specific bovine serum albumin, parotid saliva did not bind more tannins than mixed saliva, no 

response of tannin-binding was found to levels of dietary tannins, and the breed effect was of minor 

importance, if any. These fundings strongly suggest that salivary proteins are not the first line of 

defense from tannin astringency in goats. 

In the US relatively low values for heritability and repeatability for juniper consumption were found 

(13% and 30%, respectively), possibly resulting from sampling error or non-genetic transfer of 

foraging behavior, i.e., social learning. Both alternatives seem to be true as significant variation 

between sequential observations were noted on the same animal and cross fostering studies 

conducted in Israel demonstrated that kids raised by Mamber goats showed lower propensity to 

consume P. lentiscus than counterparts raised by Damascus goats.  

Implications: The demonstration of differences in breeds and individuals within breeds, as well as 

intervention strategies, and maternal, non-genetic effects on the propensity of goats to consume 

chemically-defended shrubs provide invaluable knowledge for the implementation of environment-

friendly procedures to control terpene-rich juniper (US) and tannin-rich P. lentiscus (IL) 

encroachment.  
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Achievements 

Fecal NIRS to elucidate dietary botanical composition 

The ability to select goat breeds or individuals within a breed for maximal efficiency of brush control 

is dependent upon accurate measurement of the botanical composition of the diet. Pre-BARD fecal 

NIRS calibrations of dietary browse percentages established with confined goats fed with three 

different browse species (including P. lentiscus and Phyllirea latifolia, the two main browse sources 

in this BARD project) did not validate well with direct observations of the dietary composition of 

goats throughout whole grazing days. Principal component analysis also showed that fecal spectra 

from confined and ranging animals could not constitute one population. The first step of the project 

in Israel was, therefore, to establish the first fecal NIRS calibrations, based on direct observations, 

encompassing 90 observation days with Mamber, Damascus, and Boer goats, encompassing more 

than 200,000 bites in four seasons. These calibrations –  representing the first fecal NIRS system 

based on observations ever published - were yearly upgraded and always found to be precise, 

accurate, and robust to field conditions. They constitute the cornerstone of the project in Israel.  

In parallel, it was found in the US that internal validations of fecal NIRS-predicted juniper in the diet 

had a high precision, but the precision of independent validations was low. Spectral differences were 

affected by diet, sex, breed, and age, but diet was the largest source of variation, accounting for 95% 

of the variation in predictions from internal calibrations and 51% of the variation in independent 

validations. When two complete mixed rations differing in juniper content were fed to goats of 

differing breed, gender, and age, predictions from independent calibrations readily detected 

differences in the dietary percentage of juniper, and the predicted differences were similar to the 

actual differences. Hence, the US fecal near-infrared reflectance spectroscopy predictions of dietary 

botanical composition were considered an interval scale of measurement and used to detect 

heritability and repeatability of dietary juniper in the US. 

Breeds, within-breed variability, heritability, and social learning 

In Israel, P. lentiscus formed 13% of the DM ingested by Damascus goats, but only 5%, for the 

Mamber and Boer goats, with Damascus goats ingesting diets 23% richer in tannins, suggesting this 

breed as preferred candidate for the control of  P. lentiscus encroachment.  

The US found significant variability between individuals within breeds in the amount of juniper that 

goats consumed. Heritability for juniper consumption was estimated at 13% and repeatability was 

estimated to be 30%, i.e., lower than previously calculated heritability and repeatability values for 

chemically defended plants in the US. The difference between the results of this study and previous 
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studies could be caused by sampling error or non-genetic transfer of foraging behavior, i.e., social 

learning. Further BARD research confirmed that both hypotheses were true. When high and low 

juniper consuming Angoras were sampled twice per week for two years, significant variation existed 

between sequential observations on the same animal. Also, non-genetic-transfer of foraging 

behavior was evidenced in a cross-fostering experiment between Damascus and Mamber does, and 

their kids. Before being turned to grazing with their biological or fostering mothers, Damascus and 

Mamber kids showed equal propensity to ingest tannin-rich P. lentiscus or low-tannin P. latifolia 

when given alone, and equal dietary percentage of the two species when given together. After the 

grazing period, the kids "educated" by Damascus does or by artificial milk-dispensers consumed 

50% more P. lentiscus – under controlled conditions - than kids educated by Mambers.  

Hence, the importance of environmental or learning effects was demonstrated in Israel and the 

presence of large permanent environmental effects were also seen in the US heritability calculations. 

Further research is warranted to determine how to best use environmental effects to increase 

consumption of targeted browse and how such effects may be influencing heritability estimates.  

Physiological adaptations 

Can an underlying physiological difference be found between goats with high and low genetic merit 

for juniper consumption (US) or with high and low propensity to consume P. lentiscus (IL)?  

As monoterpenes and barbiturates are metabolized by the same pathway, goats with a greater ability 

to metabolize barbiturates presumably would have a greater ability to metabolize monoterpenes. 

When we measured the rate of drug metabolism as measured pentobarbital sleep time in goats with 

high or low genetic merit for juniper consumption, there was no correlation between sleeping time 

and index of genetic merit, but the goats with the highest predictions of genetic merit had the longest 

sleeping times. The slower rate of hepatic metabolism of pentobarbital seen with the high juniper 

consuming group suggests that a slow clearance rate of circulating monoterpenes is potentially 

beneficial to increasing juniper intake. Our original hypothesis was that a higher rate of clearance 

would reduce the pharmacological impact of the circulating parent compound. An equally valid 

hypothesis that could explain our results is that the toxic effects of monoterpenes are not exerted by 

the parent compound but rather by a bioreactive intermediate formed through hepatic phase I 

oxidation.  

In Israel, it was hypothesized that specific salivary proteins, sourcing in the parotid salivary gland, 

bind to dietary tannins, allowing for higher ingestion of tannin-rich browse. Saliva was sampled 

from the cannulated parotid or from the oral cavity in Damascus, Boer, and Mamber goats fed diets 
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with or without P. lentiscus.  A competitive colorimetric test involving trypsin as target protein and 

quebracho tannin or tannic acid as tannins, showed that parotid saliva does not bind tannins more 

than mixed saliva; mixed and parotid saliva proteins do not bind more tannin than the nonspecific 

bovine serum albumin; saliva from Damascus goats does not bind more tannins than saliva from 

Mambers; and tannin-binding activity is not correlated to diet. All these findings strongly suggest 

that salivary proteins are not the first line of defense from tannin astringency in goats.  

Interestingly, the BARD results challenged scientific paradigms in the two countries.  

Interventions 

In Israel feeding polyethylene glycol (PEG, MW 4,000) that forms high-affinity complexes with 

tannins increased P. lentiscus dietary percentage from 10 to 17% but PEG supplementation could 

only partly bridge breed-related differences in the propensity to consume P. lentiscus.  

In the US feeding a protein supplement increased juniper consumption 5 percentage units. 

In both countries, intervention strategies increased the consumption of the chemically defended plant, 

but the effects of these strategies were not as large as the breed or individual animal effects. 

Implications:  The results outlined above exposed additional knowledge gaps that should be 

addressed to increase the use of goats for brush management. The discovery in both countries of 

differences in breeds and individuals within breeds as well as intervention strategies to increase 

consumption of chemically defended plants, begs the question – will goats with a higher preference 

for a target plant be more effective in controlling that plant than other goats? - that we have proposed 

to address in our continuation project. 
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